Published data regarding the association between Apolipoprotein E (ApoE) genetic variation and myocardial infarction (MI) risk were not always consistent. Therefore, the current meta-analysis was conducted to derive a more precise estimation of the association between ApoE polymorphism and MI risk. PubMed and Web of Science were searched to identify relevant studies. Summary odds ratio (ORs) and 95% confidence intervals (CIs) were calculated using random-effect or fixed-effect models based on the heterogeneity of included studies. All the tests were performed using Stata 11.0. A total of 22 eligible studies were identified in this meta-analysis. The results show that ApoE e2 and e4 alleles were associated with MI risk. The study suggests that there is close association between ApoE polymorphism and MI risk. It shows that ApoE e2 allele is a protective factor of MI, while e4 allele is a risk factor of MI, especially in Caucasian and Asian population. Nevertheless, well-designed, unbiased and larger sample size studies are required to confirm the results.
Introduction
Myocardial infarction (MI) is a complex syndrome affected by multiple predisposing genetic and environmental factors [1] . The association between ApoE polymorphisms and MI has drawn a lot of attention. ApoE is a multifunctional protein which plays a critical role in the metabolism of triglycerides and cholesterol [2, 3] , and the corresponding gene is considered as a excellent candidate to investigate the etiology of MI [4] . The gene is located at 19q13.2 and possesses three common alleles (e2, e3, e4) and forms six genotypes (e2/e2, e2/e3, e2/e4, e3/e3, e3/e4 and e4/e4) [5] . As the previous studies, the ApoE polymorphisms were found to affect ApoE transcription and the levels of cholesterol and triglyceride [6, 7] , which was the main underlying risk factor of MI. However, the results of the earlier studies were inconsistent. Therefore, a system review and meta-analysis by collecting and sorting the previously published studies was conducted.
Materials and methods

Identification and eligibility of relevant studies
The online medical databases PubMed and Web of Science were used, using the search term ''ApoE/Apolipoprotein E", ''polymorphism/genetic variation" and ''myocardial infarction/MI". The last retrieval was conducted in January 2015. The literatures were limited to papers in English. In addition, studies were identified by manual search of the references listed in the retrieved studies. The inclusion criteria were listed as follows: (1) case-control studies with either a population-based or a hospital-based design; (2) studies evaluated association between the ApoE polymorphisms and cancer risk; (3) present sufficient data to calculate an odds ratio (OR) with 95% confidence interval (CI); (4) not republished data. Moreover, the studies without raw data or those that were case-only studies, case reports, editorials and review articles (including meta-analyses) were eliminated.
Data extraction
The following detail information were extracted from each study enrolled in this study by two investigators (YLW and LZ) independently: the first author's last name, year of publication, country of subjects, ethnicity, the source of controls, genotyping method, matching numbers of genotyped cases and controls and Abbreviations: ApoE, Apolipoprotein E; MI, myocardial infarction; OR, odds ratio; CIs, confidence intervals; HWE, Hardy-Weinberg equilibrium P for Hardy-Weinberg equilibrium (HWE). Furthermore, the disagreements were discussed among all authors and resolved with consensus.
Statistical analysis
The association of the ApoE polymorphism and risk of myocardial infarction was estimated by calculating the pooled ORs and 95%CI. The pooled ORs were estimated for seven genetic models (e2/e2 vs. e3/e3, e2/e3 vs. e3/e3, e2/e4 vs. e3/e3, e3/e4 vs. e3/e3, e4/e4 vs. e3/e3, e2 allele vs. e3 allele and e4 allele vs. e3 allele).
Stratified analyses were performed by ethnicity ('other ethnicity' group was defined as those ethnicities that contained only one study). Heterogeneity across the studies was evaluated by using the Chi-square test based Q-statistic test [8] , and it was considered significant when P heterogeneity (P h ) < 0.05. The data were combined using random-effects (the DerSimonian and Laird method) in the presence of heterogeneity (P < 0.05 or I 2 > 50%) and fixed-effects (the Mantel-Haenszel method) models were used in absence of heterogeneity (P > 0.05 or I 2 < 50%) [9] . Furthermore, the sensitivity analysis was used to assess the stability of results, and publication bias was analyzed by Begg's funnel plot and Egger's regression test [10]. Additionally, HWE was used to assess the genotype frequencies of the polymorphism by the chi-square test. All statistical tests were performed with STATA 11.0 and all the P values were twosided.
Results
Characteristics of studies
Based on the search strategy, 571 potentially eligible studies were identified in the initial search. Among these, 22 studies were enrolled in this meta-analysis based on the inclusion criteria (Fig. 1) . The study by Luc et al. [30] investigated in four countries and was divided into four studies. The main characteristics of the enrolled 22 studies are summarized in Table 1 .
Quantitative synthesis
In the pooled analysis, significant association was observed between ApoE polymorphism and risk of myocardial infarction.
The main results were presented in Table 2 , and the result of e2/e3 vs. e3/e3 was also shown in Fig. 2 .
Additionally, the subgroup analysis by ethnicity was also conducted, and significant associations with myocardial infarction were observed in Caucasian (Fig.3) and Asian population. The main results were presented in Table 2 .
Sensitivity analysis
To assess the stability of the results and assess the source of the heterogeneity, the sensitivity analysis was performed by omitting individual eligible study to reflect the influence of the individual data on the summary ORs. The pooled ORs were not altered for all comparison models. Among all the enrolled studies, four studies did not follow HWE, the corresponding summary ORs were not materially altered with or without these studies. Therefore, the results of current study were statistically robust. The result of e2/e2 vs. e3/e3 was shown in Fig. 4. 
Heterogeneity analysis
There was significant between-study heterogeneity in e2/e2 vs. e4/e4 vs. e3/e3: P = 0.194, I 2 = 20.6). In order to detect the sources of heterogeneity, the sensitivity analysis was performed based on HWE and ethnicity. However, the heterogeneity was not materially altered. As a consequence, we conducted a Galbraith plot to graphically assess the source of heterogeneity. The results indicated that a total of eight studies contributed to the heterogeneity. Two studies were the main sources for e2/e2 vs. e3/e3 [20, 32] (Fig. 5) , three studies for e2/e3 vs. e3/e3 [15, 21, 27] , four studies for e3/e4 vs. e3/ e3 [16, 19, 27, 32] , four studies for e2 allele vs. e3 allele [15, 21, 27, 32] and five studies for e4 allele vs. e3 allele [11, 16, 19, 27, 32] , and after removal of these outlier studies, the heterogeneity was effectively removed (e2/e2 vs. e3/e3: P = 0.640, I 2 = 0.0; e2/e3 vs. e3/e3: P = 0.828, I 2 = 0.0; e3/e4 vs. e3/e3: P = 0.800, I 2 = 0.0; e2 allele vs. e3 allele: P = 0.651, I 2 = 0.0; e4 allele vs. e3 allele: P = 0.566, I 2 = 0.0). Meanwhile, the corresponding pooled ORs were not materially altered in all comparisons. As a consequence, the results of heterogeneity analysis indicated that our results were statistically robust and credible. c Random-effect model was applied when P value for heterogeneity <0.05; otherwise, fixed-effect model was applied.
Publication bias
To evaluate the publication bias of enrolled studies, the Begg's funnel plot and Egger's test were performed. The shapes of funnel plots did not show any obvious asymmetry in all genetic models. Therefore, the Egger's test was performed to provide statistical evidence of funnel plot symmetry, and the results confirmed the absence of publication bias (Table 3) . 
Discussion
A total of 22 studies were included in this meta-analysis to investigate the association between ApoE polymorphisms and MI.
The results of the overall studies showed that the e2/e3 genotype was associated with a decreased risk of MI, while the e3/e4 and e4/e4 genotypes were associated with an increased risk of MI.
The current results were in accord with the previous observers, which support the e4 allele as a risk factor of MI [16, 33, 34] . For the e2 allele, it was found significantly protective against MI [12, 21] . The discrepancy of the effect on MI risk between different ApoE genotypes might be supported by earlier studies [35, 36] . It provided evidence that the ApoE E4 coding by e4 allele exhibits enhanced transfer from HDL to TG-rich lipoproteins, promoting hepatic remnant clearance by apoE receptors and decreasing LDLR, thereby increasing cholesterol levels. On the contrary, the ApoE E2 coding by e2 allele binds LDLR poorly, which can increase the LDLR numbers, thereby lowering cholesterol level. A previous metaanalysis showed no significant association between e2 carriers and MI risk (e2 carriers vs. e3/e3: OR = 0.90, 95%CI = 0.76-1.06, P = 0.120), whereas an increased MI risk with e4 carriers (e4 carriers vs. e3/e3: OR = 1.18, 95%CI = 1.05-1.33, P = 0.003) [37] . By comparison, our results were not completely consistent with previous meta-analysis. The discrepancy may partly result from the genetic diversity among ethnicities. Furthermore, the subgroup analysis by ethnicity showed a decreased MI risk in e2 carriers, while an increased MI risk in e4 carriers compared with e3 carriers in both Asian and Caucasian population. These results were consistent with the studies enrolled in our meta-analysis [11, 12, 15, 19, 26, 30] . Furthermore, sensitivity analysis was also performed to make sure whether modification of the inclusion criteria of the meta-analysis affected the final results. The results showed that corresponding pooled ORs were not materially altered in all genetic models which indicated that the results were statistically robust. Heterogeneity is a potentially important factor to influence the interpretation of the current results. In this meta-analysis, significant heterogeneity existed in e2/e2 vs. e3/e3, e2/e3 vs. e3/e3, e3/e4 vs. e3/e3, e2 allele vs. e3 allele and e4 allele vs. e3 allele. Common reasons of heterogeneity may attribute to the diversity in design, study quality, sample-sizes, genotyping methods, inclusion criteria and some studies without HWE. To explore the sources of heterogeneity, we first performed the sensitivity analyses based on HWE and ethnicity. However, the heterogeneity was not effectively removed. Therefore, a Galbraith plot was performed to further evaluate the source of heterogeneity. After excluding eight outlier studies, the heterogeneity was effectively removed. Moreover, the corresponding pooled ORs were not materially altered in all comparisons, which also suggested that our results were statistically robust.
Some limitations of the meta-analysis should be addressed. Firstly, the potential factors such as gender, age, smoking, drinking, living habits were not considered in this meta-analysis. Secondly, between-study heterogeneity should be paid attention, which may affect the results. Thirdly, only studies in English were enrolled in this meta-analysis, which may lose some studies in other languages consistent with inclusion criteria. Regardless of such limitations, this meta-analysis still had some advantages. Firstly, all enrolled studies were consistent with inclusion criteria well. Secondly, no publication bias was observed indicating that the whole pooled results might be unbiased.
In conclusion, the current meta-analysis of 22 studies indicated that ApoE e2 allele was a protective factor of MI, while e4 allele was a dangerous factor of MI, especially in Asian and Caucasian population. However, the results should be further conformed in well-designed, unbiased, powered studies.
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